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AbStra Ct Table 1 compares the derivation of the 24-hr ReV to the derivation of the 1-hr ReV and a 24-hr

| | | | o | =Hn ReV value based on a rat study (ACC 2003). Observed Adverse Effect Levels (OAELs) T 3 1-hr OAEL
The TCEQ develops AMCVs, which are considered safe concentrations of chemicals in air, to determine — f 5 OAELs are air concentrations where health effects would be expected to occur (TCEQ ° 1 66,000 ppb
whether 1-hour (hr) or annual average chemical concentrations in ambient air exceed levels of potential D450 1,3-Butadiene P40 | —— 2012). More specifically, an LOAELyec determined from human studies, where effects g_— 10000 - ¢ Chronic OAEL
concern for adverse health effects. Previously for 1,3-butadiene (BD), a 1-hr AMCV of 1,700 ppb was el N Table 1: Derivation of the 1-hr Acute ReV and 24-hr ReV Alternate Derivation in Rats occurred in some individuals, represents a concentration at which similar effects ~ 1 1ohr AMCY 10,000 ppb
derived based on a mouse developmental study (6 hr/day exposures, gestational days 6-15). A chronic . 1,29 GST [ ‘ H GST orobably could occur in some individuals exposed to this level over the same duration g d 1700 o
AMCYV of 9.1 ppb was derived based on a 1 in 100,000 excess risk for leukemia mortality from an " LI = — of — > 4 Study Hackett of 2. 19875 ACC 2003 as used in the study or longer. UFs and duration adjustments not based on a PBPK or - 1000 ' 24-hr AMCV
epidemiological study in styrene-butadiene workers. To calculate annual ambient air concentrations, the et _ R " - Study population CD-1 mice (18-21 pregnant mice per dose group) Crl:CD® (Sprague-Dawley) IGS BR rats (12 other optimal inhalation models are not made to derive OAELSs. If an animal LOAEL is S Odor ® 430 ppb
TCEQ collects a significant amount of 24-hr monitoring data that are not directly comparable to the 1-hr or :”3‘]/ EH male and 12 female rats per dose group) used, then predictive animal-to-human dosimetric adjustments are conducted to derive c AMCV
chronic AMCV. Therefore, the TCEQ has developed a 24-hr AMCV for BD to evaluate the potential for health 4 y k , \ on: o | | | LOAELc. OAELSs are derived to better communicate to risk managers and the public 3 1992 230 ppb
effects from 24-hr exposure. The same mouse study used for the 1-hr AMCV was judged to be the critical / 1.2-Epoxy-3-butene — ‘ : 0 Study quality High High the margin of safety between OAELs and AMCVs (TCEQ 2012) S 5
study for the 24-hr AMCV based on mode-of-action and toxicokinetic data. The 6-hr human equivalent point CO- i/ _\\_‘I Exposure Methods 0, 40, 200, and 1,000 ppm on gestation days (GD) 6-15 for 6 hr/ |0, 300, 1,500, and 6,000 ppm (14 days prior O 10 - o Chronic AMCV
of departure (POD-HEC) of 51,300 ppb was duration adjusted (Haber’s rule with n = 1) to calculate the 24-hr f ﬂ A ) Py 5 day ]Egrbgeher%r;% during gestation, and lactation) Acute OAELs %D § 9.1 ppb
POD-HEC of 12,800 ppb. The proposed 24-hr AMCYV is 430 ppb after application of total uncertainty factors k o \ 2 J 3-511ml;:.1ﬁ:-.5iﬂ] (5) J Crotonaldehyde Critical Effects Reduction in extragestational weight gain and fetal body weight; | Persistent reductions in body weight parame- For the 1-hr AMCYV, the acute OAEL is 66,000 ppb (the central estimate PODgc for 5% —
of 30. The TCEQ has developed guidelines to derive observed adverse effects levels (OAELs) based on 1.2 5_4_Djepa,;7_.b._.ta:; EE f OH ' T | developmental toxicity ters in Fo and F; males and females decrease in fetal weight loss observed by Hackett et al. (1987b) (Figure 3). The value is . =8 .
available dose-response data to better communicate to risk managers and the public the margin of safety 5 | 6-hr Acute ReV 24-hr Acute ReV 24t-hrAcute ReV based on the HEC BMCys of 65.8 ppm (note: the HEC BMC; gp for reduction in 0.1 1 10 100 1000 10000 100000 1000000
between OAELs and AMCVs. For the 1-hr AMCYV, the acute OAEL is 66,000 ppb (the central estimate POD- r-—r co; l Acrolein ~y_ 555 513 spm (BNICL. 513 spm (BNICL. 300 o (NOAEL] extragestational weight gain was 723 ppm). Although the 24-hr AMCYV is based on the Log Time (Hours)
HEC for 5% decrease in fetal weight loss). The 1-hr AMCV of 1700 ppb is 39 times lower than the acute % OH ] ¢ 7.8 Hackett et al. (1987b) study, there isn't reliable, predictive data to derive a meaningful
OAEL. The chronic OAEL is 10,000 ppb (the lowest average occupational exposure concentration where the 1.2-Dihydroxy-3.4-epoxybutans 8,14 - Duration 6 hr 6 hr 6 hr 24-hr OAEL. The 1-hr AMCV of 1700 ppb is 39 times lower than the acute OAEL. For e 3 C : f Acute ReV Chronic Risk-Specift
likelihood ratio test that slope = 0 was statistically significant for different maximum levels of cumulative BD 10 B coT i | Extrapolation to other |No adjustment to 1 hr because | Extrapolation to 24 hr Extrapolation to 24 hr comparison, the 50% odor-detection threshold is 230 ppb (Nagata 2003). 'gure 9. ompanséor:‘o tcut_e et sg;ELromc Isk-specinc
ppm-years for leukemia deaths). The chronic AMCV of 9.1 ppb is 1,100 times lower than the chronic OAEL. \ 7 \ o durations the critical effect was a mater-  |51.3 ppm (BMCL sp) X 6/24 300 ppm (NOAEL) x 6/24 _ onhcentrations 1o S
OH /\M/'D-'I nal/ developmental endpoint Chronic OAELs
OH POD. S POD— = 24T POD— = 24T POD For determination of chronic OAELSs, data from Table 2 of Sielken et al. (2011) were used. The chronic OAEL is 10,000 ppb (the lowest average occupational exposure con-
I t d t' 615 CO» € homi hed 51.3 ppm (BMCL sp) 12.8 ppm (BMCL; sp) 75 ppm (NOAEL) centration where the likelihood ratio test that slope = 0 was statistically significant for different maximum levels of cumulative BD ppm-years for leukemia deaths in a
n I'O u C |O n OH | ] ' PODrec 6-hr PODriec 24-hr PODirec 4-hr PODinec cohort epidemiology study of styrene-butadiene occupational workers) (Sielken et al. 2011). The chronic AMCV of 9.1 ppb is 1 in 100,000 excess risk for leukemia mortality
B 51.3 ppm (gas with systemic ef- |12.8 ppm (gas with systemic ef- |75 ppm (gas with systemic effects, based on (TCEQ 2008). The chronic AMCV of 9.1 ppb IS 1,100 times lower than the chronic OAEL (Figure 3).
A 24-hr Reference Value, used as an AMCYV, is derived for human health hazards associated with threshold . l;egts, based on default RGDR = l;egts, based on default RGDR = | default RGDR = 1.0)
dose-response relationships (typically effects other than cancer) and is defined as an estimate of an Total Urceriaity Taciors 36) 36) 20
inhalation exposure concentration that is likely to be without an appreciable risk of adverse effects to the _ _ _ _ (UFs) Ambient Air Monitoring Data from 24-Hr Canister Samplers from 2010-2011
human population (including susceptible subgroups) for a 24-hr exposure. Figure 2: Schematic of BD metabolism (Figure 3-1 from USEPA [2002]) P450 stands for Prrw——T= 3 3 Figure 4 shows 2010-2011 ambient air monitoring data for BD from 24-hr VOC canister samples at monitoring sites with the highest annual averages across the state
::ytocfhrome P4goé§: s:angs Ior erleﬂ? hydr%l1ase, G?.T stanflsbfolrtglutathlcr)‘ne insid ’ (Port Neches > Groves > Galena Park > Jacinto Port > Jefferson County Airport) (5 out of a total of 47 sites 24-hr canister VOC samplers). The detected 24-hr BD peak
The _critical step i.n decidin_g whelther or nlot to derive a 24-hr ReV is the availab!Iity of appropri_ate toxicity Jg;‘::r-?-iz L?r';nary mgtzgoﬁtezra%eunaun:ggféd a:drﬁ:fegl?nrq'gba}e%:1e§faJ§EPZ“(’20I(?2$)I_ © Infraspecies UF | 10 10 10 values were below the chronic AMCV of 9.1 ppb. Based on almost 5,500 samples taken over 2010 and 2011 throughout Texas, the annual average BD was 0.25 ppb.
studies that provide meaningful information to evaluate a 24-hr exposure duration. An evaluation of the LOAEL UF| Not applicable Not applicable Not applicable
mode of action, dose metric, and the toxicokinetics and toxicodynamics of the chemical of concern as well
as exposure duration adjustments that are unique for the derivation of a 24-hr ReV is conducted. The same Datgjit:é’?ﬁa%c 1 1 1 10.00
analytical steps used to derive acute 1-hr ReVs and chronic ReVs (TCEQ 2012) are used to derive a 24-hr High High High e
ReV. OECD (2010) also provides guidance applicable to the development of acute reference concentrations. acute ReV 3,700 ug/m’ (1,700 ppb) 950 pg/m" (430 ppb) 5,500 ug/m’ (2,500 ppb) I L
[1 hr] mice [24 hr] mice [24 hr] rat S \f . N\
> TCEQ Long-Term Air
Key Studies '§ 8.00 L\I\//Iaol:i(;togr.iilgp;FC)I(;mparison
BD has very low acute toxicity (TCEQ 2008). Figure 1 is an exposure response array for acute (less than Dose Metric, Dose-Response Modeling, and Points of Departure (PODs) % ’
24-hr) and subacute studies which were considered for the development of a 24-hr ReV. Data on the exposure concentration of the parent chemical was used as the default dose metric 700
Toxicokinetics and Mode of Action since more appropriate dose metrics were not available The TCEQ (2008) performed benchmark o
Critical Study BD is a highly volatile, colorless gas with a mildly aromatic odor, and is only slightly soluble in concentration (BMC) modeling for numerous endpoints from Hackett et al. (1987b). The endpoint E < 600
The TCEQ developed a 1-hr ReV in 2008 (TCEQ 2008) based on developmental toxicity in mice, the most water. Absorption through the lung is limited by blood flow to the lung. After absorption, BD is with the lowest relevant BMCL was decrease in maternal extragestational weight gain (BMCL gp = g-g_
sensitive species, after BD exposure (Hackett et al. 1987b). This study was also selected for development distributed throughout the body. For both rats and mice after exposure to “C-butadiene, Bond 51.3 ppm with a BMC, sp of 723 ppm), followed by decrease in fetal body weight (BMCLy5 = 54.7 =& 500
of the 24-hr ReV, based on toxicokinetic and mode of action analysis. In addition, reproductive and et al. (1987) reported the following: ppm BMCys of 65.8 ppm). ‘q%'
developmental effects may have been caused by only a single day’s exposure that occurred at a critical g 4.00
time during gestation. Therefore, this developmental study is relevant for derivation of a 24-hr ReV, this +Within 1 hr after the end of exposure, respiratory tissue, gastrointestinal tract, liver, kidneys, _ _ _ O
acute study has the lowest LOAEL and NOAEL (Figure 1). urinary bladder and pancreas I2:ontained hpigher goncentragtions of radioactivity than othery Duration and Default Dosimetry Adjustments S 300
tissues and Table 1 provides information on duration adjustmen}snfrom a 6-hr exposure to a 24-hr exposure using S [Stac’ltezg\lliragegoerZOlOb }
+Elimination of BD from tissues and blood was rapid, with 77% to 99% of the initial tissue rlavers iﬁfma:n”;igg':&gvt:rg oerge (1955) Wih ?Or-(;étgggiy'; %C;Sgemsegz)gglclﬁ;”ggttse U 3 20 L p}_J
) . . . S :
Inhalation Exposure-Response Array R burden being eliminated with half-times of 2 to 10 hr. (USEPA 1994: TCEQ 2012). d
1000 Ly . I ANDAEL Research has shown that BD produces toxicity when metabolized to reactive metabolites. - L R R R b | L b by Ly /I i |
1 | E EEMCL 1,2-Epoxy-3-butene (EB) and 1,2:3,4-diepoxybuta.ne (DEB) are the two metabolites that are Uncertainty Factors T Groves B PortNechesAVEL """""""""" o GI """ P """ k """""""""""""" - R o f f """"""""""""""""" .
= : )i | #LOAEL most reactive, after animals are exposed to BD (Figure 2). A full intrahuman UF (UFy) of 10 was used to account for intraspecies variability. There is | o | e e Po_rt feferson = Alrport
g_ 1,000 : . . . : ’ ’ experimental evidence that indicates BD-sensitive human subpopulations may exist due to Figure 4 Top five sites with the highest1,3-butadiene annualaverage concentrations (01/01/2010-12/31/2011)
= - R There is a difference in the metabolism between mice and rats that is related to the greater metabolic genetic polymorphisms (USEPA 2002), although recent studies indicate that variability
S : A — : production of toxic intermediates and a lower capacity for detoxification of these intermediates due to genetic polymorphisms is less than 10 based on metabolism of BD in humans with different References
E : A 7 E \ : A . INn mice Compared to rats (USEPA 2002) Humans are more similar to rats in the metabolism of genOtypeS. (Albertlnl et al. 2001, 2003) Albertini, RJ, RJ Sram, PM Vacek, et al. 2001. Biomarkers for assessing occupational exposures to 1,3-butadiene. Chem Biol Interact
= 100 - E <2 : i BD. Humans produce much lower levels of DEB than mice as demonstrated by experimental C O n CI u s i o n s Abertn, §§j3§g§£§:;ghv;§§§&e1t1aé:zoos. Biomarkers in Gzsch workers exposed 1 1,3-butadions: A transional spdsmilogic
= ; : S | . data on DEB-specific pyr-Val Hb adducts (Swenberg et al. (2007); Georgieva et al. (2007; 2008) An animal to human UF (UF) of 3 was used for extrapolation from animals to humans because e Resesoh Lo OL G LD VL P18 S8 S0 of 3 e
- : i and urinary metabolites (Sabourln et al. 1992) toxicokinetic adjustments were made but not toxicodynamic differences. 2::::{02593?i323g?’g? MH Brinkworth and JA.Hughes.1996. Male-medi.ated F1 effects in.mice exposed to1,3-buta.diene. Toxi-
i A ® ” 1,,3:bUtadiegnhee.sMﬁ{JaFg\évsar:;igs%:a;;i_gﬂﬁ Brinkworth. 1998. A comparison of male-mediated effects in rats and mice exposed
1 ' i - . . . . . s afctth sz o, e 2t o n St f Sy [ .1 3 Toues 6 5.
R Pt e Mice -—mrrmr : g:/]%SDpiZCS:kanmoevSrT2?;2:222?52%22529arnﬁgeljgﬁlt;eep;?gggt;ea/\ ‘iﬁ;’ﬁ"(’&g%tﬂa@yﬁ;‘z};\%Od“Ced A database UF (UFp) of 1 was used because the overall acute toxicological database for BD ¢ The 24-hr, health-based AMCYV for 1,3-butadiene is 950 ug/m® (430 ppb) . N, and FSpencer 2002 Utn-ovarn sochrit an dslopmens nractons o h st vssmen
| ’ includes acute inhalation studies in humans; two inhalation bioassays in different species i i Georgiona, NL. G Boyeon. b Upton. o1 a1 3007 Anlyais of 12:5. 4-dlearybutans sreafc prosin sdduct in cceupationally exposed
| s i """""""""" Developm ental Studies —--—--r—--—-- T i 1wk + ik 10 wk (Dzl(z)lgai)”gﬁgegh?ve?r;?”(gggzp;;y s?ﬁoisﬁfrﬁa:rici)t rsmte(r)l;rlglglgogreoscﬂzoer;eblsvheﬁn ;i%eigcriruga ?cl).wer investigating a wide range of endpoints; and several prenatal develgpmental toxicitF;/ studies in based on mice reproductive/developmental effects. Goorgvs, N G oy, ot l 2006, Ay’ o 12, 4-iepotans spaic ot ddc n oosupatonaly oxose
5 c S 2 = 5 5 : than rmice. reproductive/developmental effects were assumed to be relevant to humans (Kirman ?Agegggteszgf;iz égiSSErlithIOOZ, TCEQ 2008). Both the quality of the studies and the confidence in ¢ This 24-hr AMCYV falls between the TCEQ acute 1-hr AMCYV of 1,700 ppb HktiégdestkzZ'TthZ’Ntrt;vhgff’?Ffﬁé!ﬁ{?&NtwmuglyjcugNIHf;gpbntNdNIHZ%1Eg<f41331F1g1)p
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z < z z T i g E g Based on toxicokinetic and MOA information, the reproductive/developmental effects in mice Health-Based Acut_e ReVs 3 . ¢ The 24-hr value is sufficiently conservative for the adequate protection of ematonal It of Synhatc Rubber Producers ISRP). 1982, 1.3-Butadiene: Inhalation teratogeniiy nth at (inl repor it
8 = = = % E I %” are considered to have a threshold and to be concentration and duration dependent The 234-hr ReV for BD is 430 ppb (950 pg/m ), Wh.ereaS the 1-hr acute ReV |S. 1,700 ppb (3,700 ubIIC health for the exposure dura“on and adverse eﬁ_.eCtS ConSIdered and | cover elr dated 08/11/82), Report.nc?.2788-522/3,subr.nlssmn8EHQ-0382-0441.Hellrrowgate, England: H.azleton Lal.)orato-
= 1 I ks g . < " ' ug/m”) (TCEQ 2008). These acute ReVs are considered to be conservative since pregnant mice p_ - P _ _ _ donts, Reg. Tox. Prarm. a2 7 1-36a, e nealn fisk assessment for T, buladiene based upon ovarian effecs o
= T O % s exposed to BD and their offspring develop maternal/developmental toxicity much easier than significantly complements TCEQ health-effect evaluations of ambient air thEtzofos‘)EMtp"ﬁn%”tlfdtththldb|y;mgtLOESD)Zo?:::OZiDZdmdtRm::Jt:thtyith
: T similarly-exposed rats, avallable scientific information suggests mice are more sensitive than data, which currently utilize 1-hr and chronic (i.e., lifetime) health-protective e S O 650, PRty .2t e Ot i
= | humans, and BD-induced reproductive/ developmental effects have never been observed in humans . . SO sege, o one Insteleavags emanyos andlow cylomelric evaluation of spermatogonial cel iling. Mt Kes
Figure 1. BD Exposure response array for acute (less than 24-hr) and subacute studies (TCEQ 2008) and welfare-based (i.e., odor, vegetation) AMCVs. e e S
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